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Abstract 
This paper presents work towards a printing technology which provides the fabrication foundation of high aspect ratio- and 3D 
freestanding sophisticated structures with an aspect ratio over 150. Via connection of the printing technology and a computer 
aided design system a fast and cost-efficient fabrication process for prototypes manufacture and low volume production. These 
printing process in combination with mold and die production processes of Microsystems Engineering afford the potentiality for 
tool fabrication. Without the requirement of defined ambient conditions with narrow complexity this print technology can be 
implemented effortlessly into an operating manufacturing-plant, this provides the chance to optimize existing process chains 
shortly. 
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1. Introduction 
The form Hewlett-Packard in the year 1984 developed and commercialized low-cost printer for personal 
computers was one of the first big applications of bubble jet principle (1). Therefore printing technologies are often 
only associated with the transfer of text and pictures with the use of conventional ink onto paper or other plane 
surfaces. But in recent years the printing technologies grows to a very well-diversified area, which served solutions 
for many industrial and private applications fields, but the setup of industrial printers is incommensurable with an 
usual office printer. The industrial use of printing technologies and appliances is not only the transfer of a portion 
ink onto a small surface area, but also simultaneous processing of a widespread area. They afford the possibility of 
repeatable positioning of the print head in all three directions in space, thus the direct printing of 3D- objects. One of 
the keys to do direct printing of 3D- objects is the control of process parameters, the other key is the use of a hot 
melt ink. Industrial printers allow the regulating of printing parameters among other things like the drop ejection 
characteristic, work distance, temperature of the ink and the amount of ink (2). Water- or solvent-based ink infiltrate 
into the substrate or evaporates on the surface, without the feasibility to structure 3D- structures. By the use of hot 
melts the ink solidifies on the surface and generated an abiding ink dot. Overall the printing technologies grow to a 
universally usable solution for marking and imprinting, it is also realizable to print multilayer superstructures and 
3D- objects. In Microsystems Engineering an established process to build up 3D- structures with high aspect ratio is 
the lithography. This process offers suitability as mass production, highest solutions and process stability, a 
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disadvantage is the use of conventional lithographic masks. These masks are grant expensive and offer no flexibility 
or chance for commercial prototype or low volume productions. The bringing together on the one hand the industrial 
printing requirements and the hot melt printing process, on the other hand the accessibility of a computer aided 
design system, offers a variable, fast and cost-efficient production processes for prototype structures, also with the 
repeatability for low volume productions. Via the compatibility of the used hot melt ink towards mold and die 
production processes of Microsystems Engineering like ICP, electroplating or replication technologies the direct use 
of the printing structures for tool fabrication is possible. 
2. Setup and Procedure 
The main application for the printing system is the structuring of widespread substrates, create structures with 
minimum measurements about 50µm and produce 3D- structures via the use of hot melt ink. For trials a hot melt 
print head (see Table 1) and a self-modified supply unit are used. The basis of decision making for selecting this 
print head is the large printing width respectively nozzle quantity, adjustable temperature and the nozzle diameter. 
Via the supply unit the adjustment can be exactly set: the hot melt temperature in 0.5° Celsius steps, working 
distance in 1µm shifting and fire frequency of the nozzles between 1 and 2000 Hertz. The requirement for 
positioning system is wide operating range, quick operation speed and high positioning accuracy (see Table 2). 
Table 1. Print head specification. 
Print head specification   
Print nozzles 256 quantity 
Nozzle diameter 50 µm 
Nozzle distance 278 µm 
Printing width 7,125 cm 
Temperature (max) 130 °C 
Table 2. Portal specification. 
portal specification   
operating range 250*250*50 mm³ 
speed of operation (max) 300 mm/sec 
positioning accuracy <5 µm 
Due to homogenous consistent set terms for the following processes one-sided polished 4” metal wafers were 
always used (Figure 1, Step 1). With the aid of an electroplating deposition process a sacrificial layer were generated 
on the polished wafer side (Figure 1, Step 2), which conduces as parting plane. During the printing job by one pass 
the print head moves across the substrate and via an interface the software data transfers into the printing layer 
(Figure 1, Step 3). With the second cycle the next printing layer is set exactly adjust to position (Figure 1, Step 4). 
After all printing cycles completed, the printed structures are ready for downstream operations/ processes 
(Figure 1, Step 5). Via an electroplating deposition process metal layer up to several millimeters can be refine on the 
surface (Figure 1, Step 6). With the assistance of the generated parting plane after the process the electroplating 
work piece can be separated from the wafer. Thru a cleaning process the hot melt ink can be easily removed out of 
the work piece. 
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 3. Results 
3.1. High aspect ratio printing 
Via the complete system composed of print head, supply unit and portal all process parameters can be exactly 
adjustable and controlled. Having the right parameters test structures were be generated, to confirm the reproducible 
precise adjustment and show the potentialities of the system. The exactly adjustment allow the positioning of more 
than 500 layers closely on top of each other, towers with a diameter of 50 µm and a total height of 8mm can be 
printed (Figure 2). The parameters also liable for adhesion between each single dot and between the dots and 
substrate, therefore for the stability of the whole printed structures (Figure 3). High adhesion and stability of the 
printed structures are unavoidable requirements for downstream operations like an electroplating deposition. 
3.2. Electroplating 
The portal system allows the use of a wide operation area for the printing process consequent the base of wide 
structured tools, example for hot embossing or casting molds. To verify stability against electroplating processes 
varying kinds of solutions were tested. Crucial to the stability of printed structures is there integrity, so tower 
structured with the worst case surface-to-contact-ratio were selected. An area comprises 40 x 40 mm², count over 
2000 towers with a diameter of 50 µm and aspect ratio over ten were used. By an electroplating process of nickel 
800 µm were deposit on surface (Figure 4), after the cleaning step almost all printed towers can be seen in the nickel 
tool (Figure 5). The compatibility of the used hot melt ink towards electroplating processes offers a great potentiality 
for a fast and mutable mold and die production. 
Figure 1 Process procedure 
Figure 3 High adhesion and stability Figure 2 Towers in line, height 8mm, ASR 160 
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3.3. 3D-Structures 
Via the developed printing system all printing parameters are full controllable, which allows the printing of stable 
high aspect ratio towers (Figure 1, 2), deduced of these the derivative of this process is the manufacturing of 
inclined planes and protruding geometries. Find the process limitations the elbow of a test structure was increased, 
planes and geometries up to 45° relevant to vertical axis are producible. The printed rhombus structure has a height 
of 900 µm, the single dot diameter is 50 µm and inclined structures with the maximal elbow of 45° (Figure 6). This 
printing technology operates without the need for assistant geometries or assistant materials, what is the 
precondition of most other 3D- printing technologies (3). Through the manually adjustable parameters even 
crossbreeding structures without bulge for a sufficient stability can be produced (Figure 7). 
4. Conclusion 
This developing technology provides a fast and cheap process to print high aspect ratio structures, without the 
need of a conventional lithographic processes or masks. By the full controllable printing parameters structures with 
an aspect ratio over 150 and even direct printing of 3D- structures with inclined planes up to 45° are realizable. This 
provides the basis for mold fabrication and replication processes of Microsystems Engineering like electroplating or 
inorganic polymers. Via the direct transfer from software data to printing structures a not yet reached flexibility is 
created. Production according to the customer’s request can be easily realized, as a one piece flow process.  
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Figure 5 Hardly any blemish Figure 4 4” nickel plate, more than 2000 holes 
Figure 7 Printing crossing without bulge Figure 6 3D- rhombus, height of 900 µm 
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